The aim of our study was to examine the effects of 
sue [27] . Scaffolds for in vitro chondrogenesis has been characterized as biomaterials based on biopolymers; e.g. collagens, polyhydroxyalkanoate, hyaluronate alginate, and polyurethanes [3, 4, 10, 14] . Chitosan is a natural aminopolysaccharide consisting of sugars close to natural glycosaminoglycans (GAGs) characteristic for cartilage tissue.
Chitosan is formed by the alkaline deacetylation of chitin-the second most abundant natural polysaccharide in the world. Another benefit for the utilization of chitosan includes its antimicrobial properties [11] . M a d i h a l l y and M a t t h e w studied animal tissue tolerance to chitosan based implants with the conclusion, that this type of material causes a minimal body response and is considered as biocompatible [19] . These implants were degraded hydrolytically with lysozymes and the rate of degradation was inversely proportional to the degree of crystallinity.
Y a m a n e et al. compared the in vitro properties of a hybrid composite consisting of hyaluronic acid (HA) coated chitosan fibers and the properties of pure chitosan [34] .
Cell adhesion, proliferation and aggrecan synthesis were significantly higher in the hybrid composite with HA than in chitosan. SEM observations showed a typical chondrogenic phenotype of cells with a lot of extracellular matrix.
Immunohistochemical staining has demonstrated the rich production of collagen type II by chondyrocytes.
C h o et al. demonstrated the ability to differentiate
MSC into chondrocytes using an injectable gel based on chitosan-Poly-N-isopropyl acrylamide [15] . MSCs were cultured in vitro and after the injection of the cell-gel complex into the animal organism the cartilage tissue formation was revealed.
T a n et al. studied hydrogels consisting of N-succinyl chitosan and aldehyde hyaluronate with encapsulated bovine chondrocytes [29] . The hydrogel allowed the survival of chondrocytes and the maintenance of their typical phenotype. The authors concluded that the composite system has the potential for tissue engineering applications.
C h e n et al. manufactured three-dimensional substrates consisting of chondroitin sulphate (CS), dermatan sulfate (DS) and chitosan in various formulations with potential use in cartilage tissue engineering [13] . The addition of CS and DS positively affected the cell morphology, glycosaminoglycan and collagen production as well as expression of the corresponding genes. W a n g et al.
implanted a 3D substrate consisting of poly (3-hydroxybutyrate (PHB) and 3-hydroxyhexanoate) seeded with rabbit chondrocytes into rabbits after 10 days of in vitro culture [33] . The treated defects in rabbits were filled with cartilage tissue with good connection with the subchondral bone.
The scaffolds showed higher accumulation of ECM with Type II collagen and GAGs.
Mesenchymal stem cells (MSCs) are used as a cell source for TE and specifically in cartilage regeneration due to their relatively simple availability from multiple tissues (bone marrow, hair follicles, dental pulp, adipose tissue), high proliferation capacity in laboratory conditions and the ability to differentiate among other cell types (osteocyte, adipocyte) including chondrocytes [1, 6, 31] . Their main tasks in chondrogenic differentiation of MSC are affecting and control of the differentiation process from the point of view of enhancing the synthesis of collagen II, aggrecan and GAGs by differentiated cartilage cells. The effective biological active molecules responsible for the in vitro differentiation of MSC into the chondrogenic lineage are dexamethasone and transforming growth factor as supplements in chondrogenic differentiation culture media [8, 28] .
For successful tissue regeneration using cartilage tissue engineering, it is recommended that the optimal pore size of scaffolds be between 100-300 μm. A critical step involves the cell seeding on to the porous scaffold [22] . The passive seeding technique is based on dropping cells onto The aim of this study was to examine the effects of passive and active cell seeding techniques on the in vitro chondrogenic differentiation of mesenchymal stem cells isolated from rat bone marrow and seeded on porous biopolymer scaffolds based on polyhydroxybutyrate/chitosan (PCH) blends.
MATERIALS AND METHODS

Scaffold preparation
Porous biopolymer polyhydroxybutyrate/chitosan (PCH) scaffolds were prepared according to M e d v e c k y et al. [21] . The PCH scaffolds with the PHB:Chit ratio equal Due to the high porosity of the scaffolds, they were free of closed pores and the true density of the PCH scaffolds was determined by Helium Pycnometer (AccuPyc II, Micrometics). The porosity of the scaffolds (%) was calculated from the true density of the blend, mass and dimensions of the individual scaffold.
Isolation and culture of rat MSCs
The bone marrow was isolated from the long bones 
Multidifferentiation capacity of MSC
The multidifferentiation ability of isolated adher- All of the quantitative measurements were performed on cell-scaffold constructs (n = 3) and then statistically evaluated by ANOVA (Statmost32 statistical programme).
The statistical significance of results was determined by one-and two-way ANOVA (P ˂ 0.05).
RESULTS
Scaffold characterization
The highly porous spongy-like microstructure of the scaffolds were obtained after lyophilization (Fig. 1) . The images document a heterogeneous open microstructure (Fig. 1b, c) . The calculated porosities of the scaffolds are listed in Table 2 and all of the scaffolds achieved the ≥ 85 % level. The gel permeation chromatography (GPC) analysis showed that the average molecular mass (Mw) of Chit and PHB in the mixtures were 41 kDa and 80 kDa respectively.
Multidifferentiation capacity and phenotype characterization of MSC
The flow cytometric analysis confirmed that > 95 % of the cells expressed CD90, CD29 and around 1.1 % of the cell population expressed CD45. The isolated cells were able to differentiate to adipocytes: red fat vacuoles in adipocytes stained with oil red (Fig. 2a) ; osteoblasts: red colored calcium deposits stained with alizarin red (Fig. 2b) ; and chondrocytes: blue stained GAGs in micromasses stained 
. Distribution of cells on scaffolds characterized by fluorescence microscopy: A-type-surface after 2 (a-acridine orange) and 4 weeks (b-live/dead; c-DAPI) of chondrogenic cultivation; cross-sections after 4 weeks of culture (g-acridine orange); B-type-surface after 2 (d-acridine orange) and 4 weeks (e-live/dead; f-DAPI) of chondrogenic cultivation; cross-sections after 4 weeks of culture (h-live/dead); C-type-cross-sections after 2 (i-DAPI) and 4 weeks (j-live/dead; k-DAPI) of chondrogenic cultivation
with alcian blue (Fig. 2c) . These facts confirmed that cells isolated from rat bone marrow were MSC's. Fig. 4c .
Note, the partial staining of biopolymer blends (chitosan)
can be visible in Fig. 4 , but GAGs were stained more intensely blue in the multilayers of cells. 
Determination of DNA and GAG-s content in cell-scaffold constructs
The average GAG contents determined by DMMB after 4 weeks of culture of each cell-scaffold type construct are shown in Table 3 . We observed statistically significant differences in GAG contents (P < 0.05) between the individual sample types A, B and C with the higher GAG content in the B substrate (220 ± 30 ng) and much lower in the C type substrate (75 ± 10 ng). Table 3 shows also the amount of DNA in cell-scaffold constructs after chondrogenic cultivation using Hoechst 33258. Similar amounts of DNA were found in the A and C scaffolds, whereas a statistically significant decrease was revealed in scaffold B (P < 0.05).
DISCUSSION
The isolated MSC's from rat bone marrow represent an adherent population of spindle-shaped fibroblast-like cells, which were able to differentiate into bone, cartilage and fat cell lineages during cultivation under defined con- The 3D-porous scaffolds must meet the requirements of biocompatibility, bioresorbability or biodegradability, good mechanical strength, shape, interconnected pores of appro- [7, 12, 14, 25] . 
